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(54) MAGNETIC FIELD GENERATING DEVICE FOR MRI 



(57) A magnetic field generating device for MRI 
capable of reducing eddy curent and residual magnet- 
ism within a pole piece generated by the effect of a 
pulse current flowing through a gradient magnetic field 
coil without lowering a magnetic field uniformity in a 
clearance, wherein a pole piece (40) formed by effec- 
tively combining a body (41) consisting of a silicon steel 
plate laminate with an annular magnetic projection (42) 
disposed on the opposite side of the clearance of the 
body (41) is used so that a magnetostatic field with a 
desired uniformity is formed in the clearance without 
causing a magnetic saturation condition in the vicinity of 
the annular projection (42) and eddy current and resid- 
ual magnetism within the pole piece (40) generated by 
the effect of a pulse current flowing through the gradient 
magnetic field coil are reduced. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a magnetic f ield generator used in a medical-use magnetic resonance imag- 
ing (hereinafter referred to as device, and more particularly to an MRi magnetic field generator with reduced resid- 
ual magnetism and eddy current generated by the effect of the pulse current flowing through Gradient magnetic field 
coils. 

10 BACKGROUND ART 

[0002] Rgures I3(a} and (b) illustrate a known structure of an MRI magnetic field generator. In this structure, each 
of a pair of pole pieces 2 is fastened, with the pole pieces 2 facing each other, at one end of each of a pair of permanent 

magnet structures 1 comprising a plurality of block-shaped R-Fe-B-based magnets that have been integrated as the 
IS f ieW generation source the other ends of the permanent magnet structures are connected to a yoke 3, and a static mag- 
netic field is generated within the air gap 4 between the pole pieces 2. 

[0003] In the figure, 5 is an annular protrusion formed in order to Increase the uniformity of magnetic f iekJ distribu- 
tion within the air gap 4, and another known stoicture is one in which a tiered protrusion (not shown) is formed on the 
Irsideofihe'anTTular protrusion 
20 [0004] In the figure, 6 is a tiit field coil, which is disposed in order to obtain information about positioning within the 
air gap 4. These Gradient magnetic field coils 6 usually comprise a group of three coils corresponding to the three direc- 
tions X. Y, and Z within the air gap 4, but are shown in simplified form in the f'^ure. 

[0005] With a structure such as this, the air gap 4 must be large enough for all or part of a patient's body to be 
inserted therein, and a static magnetic field having a high uniformity of 1 x 10"* or less at 0.02 to 2.0 T must be formed 

25 within a specified image field of view within the air gap 4. 

[0006] With the structure shown in Rgures 13(a) and (b), a so-called four-column yoke consisting of a pair of yoke 
plates 3a and 3b and four yoke columns 3c is used as the yoke 3, but as shown in Rgures 1 4(a) and (b), variously struc- 
tured yokes can be used according to the required characteristics, such as a so-called C yoke consisting of a pair of 
yoke plates 3a and 3b and a supporting yoke plate 3d. 

30 [0007] With the structure shown in Rgures 13(a) and (b), permanent magnets such as R-Fe-B-based magnets are 
employed as the field generation source, but other structures can also be used, such as one in which an electromag- 
netic coil is wound around the periphery of an iron core. 

[0008] Regardless of which of these structures is used, the air gap 4 is formed by the pair of pole pieces 2, and Gra- 
dient magnetic field coils 6 are disposed in the vicinity of the pole pieces 2, as shown in Figures 13(a) and (b), 

35 [0009] Usually, the pole pieces 2 are made from electromagnetic soft iron, pure iron, or another such bulk material 
(integrated), so when a pulse current is passed through tiie Gradient magnetic field coils 6 and a pulse-form tilt field is 
generated In the desired direction in order to obtain information about positioning within the air gap 4, the effect of this 
tilt field generates an eddy cun'ent in the pole pieces 2 and decreases the rise characteristics of the tilt field, and even 
after the flow of the pulse current has been halted, the uniformity of the field distribution in the air gap 4 is deaeased 

40 by tiie residual magnetism generated in the pole pieces 2. 

[001 0] As a means for solving this problem, MRI magnetic field generators characterized in that tiie main portion of 
the pole pieces is formed from laminated silicon steel sheets have already been proposed by the inventors (Japanese 
Patent No. 2.649.436, Japanese Patent No. 2,649,437, U.S. Patent No 5.283,544. and European Patent No. 0479514). 
[001 1 ] The MRi magnetic f ieki generators previously proposed by tiie inventors are chiefly characterized by the use 

45 of pole pieces structured as shown in Rgures 15 to 18. 

[0012] The structure of the pole piece 1 0 shown in Figures 15(a) and (b) comprises a soft iron magnetic ring having 
a rectangular cross-sectional shape and constituting an annular protrusion 12 on the air gap-facing side of a magnetic 
base member 1 1 composed of pure iron or another bulk material, and a plurality of laminated blocks 13 produced by 
laminating a plurality of silicon steel sheets in the facing direction of the pole pieces and integrating these witii an insu- 

50 lating adhesive agent or the like. 

[0013] In tiie figure, 14 is a tiered protrusion formed on the inside of tiie annular protrusion 12 for the purpose of 
enhancing tiie uniformity of the field distribution. Just as discussed above, a plurality of silicon steel sheets are lami- 
nated in the facing direction of the pole pieces and integrated with an insulating adhesive agent or tiie like, and the 
resulting plurality of laminated blocks are laminated in tiie required number. 

55 [0014] 15 in the figure is a soft Iron core used for mounting the field generation coil. 

[0015] 16 in tiie figure is a slit formed in the radial direction for tiie purpose of dividing the soft iron magnetic ring 
having a rectangular cross-sectional shape and constituting tiie annular protrusion 12 into a plurality of sections in the 
circumferential direction and reducing the eddy cun-ent tiiat is generated at the annular protrusion 12. 
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[0016] If the silicon steel sheets used In the above-mentioned laminated blocks 13 are directional silicon steel 
sheets (J IS C 2553, etc.), then from the standpoint of field distribution uniformity, it is preferable for them to be laminated 
and integrated such that the readily magnetizable axis direction (calendering direction) is rotated by 90 degrees every 
specific number of small blocks 13a and 13b as shown in Figure 16(a). If the sheets are non-directional silicon steel 
5 sheets (JIS C 2552. etc.). then lamination and integration are performed merely in the thickness direction, without tak- 
ing directionality into account, as shown in Figure 16(b). 

[001 7] The structure of the pole pieces 20 shown in Figures 1 7(a) and (b) comprises a soft iron magnetic ring hav- 
ing a rectangular cross-sectional shape and constituting an annular protrusion 22 on the void-fadng side of a magnetic 
base member 21 composed of pure iron or another bulk material, and a plurality of laminated blocks 23 produced by 
10 laminating a plurality of non-directional silicon steel sheets in the direction perpendicular to the facing direction of the 
pole pieces and integrating these with an insulating adhesive agent or the like. 

[0018] In the figure. 24 is a tiered protrusion formed on the inside of the annular protrusion 22 for the purpose of 
enhancing the uniformity of the field distribution. 25 is a soft iron core used for mounting the field generation coil, and 
26 is a slit that divides the soft iron magnetic ring having a rectangular cross-sectional shape and constituting the annu- 

15 lar protrusion 22 into a plurality of sections in the circumferential direction. 

[001 9] It is preferable for the above-mentioned laminated blocks 23 to be laminated and Integrated with an insulat- 
ing adhesive agent or the like such that the lamination direction is rotated by 90 degrees for every one of the small 
blocks 23a and 23b laminated in the void-facing direction, as shown In Figure 17(c). 
[0020], The sfructyre of Hie .polB pieces 50 5hffi*m in Figures WyZ^ e^nA i^y iz-q^^ 

20 pieces 10 and 20 shown in Figures 15 (a) and (b) and Figures 17(a) and (b). respectively, in that the magnetic base 
members 1 1 and 21 composed of a bulk material are not used. Specifically, this structure is such that, instead of the 
magnetic base members 1 1 and 21 composed of a bulk material, laminated rods 33, produced by laminating a plurality 
of non-directa'onai silicon steel sheets, as shown in Figure 1 8(c), in the direction perpendicular to the facing direction of 
the pole pieces and laminating these with an insulating adhesive agent or the like, are supported by an annular support 

25 member 34 composed of a bulk magnetic material. 

[0021 ] To discuss this in more detail, the center portion of the annular support member 34 composed of a bulk mag- 
netic material is cut out, and the above-mentioned laminated rods 33a are disposed unidirectionaily suspended therein 
with the chamfers 38 thereof coaesponding to the chamfers (not shown] formed around the inside edges of the cutout. 
The laminated rods 33b are laid out as a second layer such that the lamination direction is rotated by 90 degrees on the 

30 void-facing side of the laminated rods 33a. 

[0022] A plurality of laminated rods 33c of different length are disposed between a fixed plate 35 and the inner 
peripheral surface of the annular support member 34 so that tfie overall shape of the pole piece will approximate tiiat 
of a disk, and a soft iron magnetic ring having a trapezoidal cross section and constituting the annular protrusion 32 is 
installed via fixed blocks 31 fixed at specific positions around the outside edge of the inner periphery of the annular sup- 

35 port member 34. forming the pole piece 30. 

[0023] 36 In the figure is a slit that divides the soft iron magnetic ring having a trapezoidal cross-sectional shape 
and constituting the annular protrusion 32 into a plurality of sections in the circumferential direction. 37 is an insulating 
material composed of an insulating adhesive tape or the like. 

[0024] By using tiie pole pieces 10, 20, and 30 shown in Figures 15(a) and (b), 17(a) and (b). and 1d(a) and (b) as 
40 above, is it possible to greatly reduce tiie generation of residual magnetism and eddy current in the pole pieces tiiat is 
caused by the Gradient magnetic field coils as compared to when the conventional pole pieces composed of a bulk 
magnetic material shown in Figures 13(a) and (b) and 14(a) and (b) are used. 

DISCLOSURE OF THE INVENTION 

45 

[0025] However, there is a growing need for an MRI magnetic field generator capable of producing sharp images at 
even higher speed, and further improvement is desired. 

[0026] It has been confirmed in experiments conducted by the inventors that tiie structures of the above-mentioned 
pole pieces 10 and 20 in Figures 15(a) and (b) and 17(a) and (b) have numerous advantages, such as producing excel- 

50 lent mechanical strength (rigidity) for the pole piece as a whole because of the use of the magnetic base members 1 1 
and 12 composed of a bulk material, and affording easy assembly work because of how easy It Is to laminate and lay 
out tiie plurality of laminated blocks 13 and 23 produced by laminating silicon steel sheets In a specific direction and 
Integrating tiiese witii an insulating adhesive agent or the like. Nevertheless, the very presence of these magnetic base 
members 1 1 and 21 prevents any further reduction in the residual magnetism and eddy current in tiie pole pieces. 

5$ [0027] Specifically, it has been confirmed that the magnetic field generated by the Gradient magnetic field coils 
goes from tiie laminated blocks 13 and 23 directly under tiie Gradient magnetic field coils, through the magnetic base 
members 11 and 21 on which tiiese laminated blocks 13 and 23 are placed, and reaches the surface of tiie soft iron 
magnetic ring tiiat constitutes the annular projection 12 and 22. Therefore, the magnetic base members 1 1 and 21 end 
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up being present along the magnetic path between the laminated blocks 13 and 23 and the soft iron magnetic ring, and 
as a result an eddy cunrent and residual magnetism are generated within the magnetic base members 1 1 and 21 com- 
posed of a bulk material. 

[0028] With the pole pieces 30 structured as in Rgures 1 8(a) and (b), the effective use of the annular support mem- 
5 ber 34 affords the same excellent mechanical strength and ease of assembly as the structures of the pole pieces 10 
and 20 in Figures 15(a) and (b) and 17(a) and (b). 

[0029] With this structure, no magnetic base members 1 1 and 21 composed of a bulk material, such as those used 
for the pole pieces 10 and 20 in Rgures 15(a) and 0^) and 17(a) and (b). are present under the laminated rods 33 
directly beneath the Gradient magnetic field coils, which is preferable from the standpoint of reducing eddy current and 
10 residual magnetism, but because the annular support member 34 present under the laminated rods 33 is also com- 
posed of a bulk magnetic material, the result is that the required reduction in eddy cunrent and residual magnetism can- 
not necessarily be achieved at the present time. 

[0030] Furthermore, the void 39 is fbnned without the inner peripheral surface of the annular support member 34 
being in complete contact with the laminated rods 33c, and as a result, the ratio (Sb/Sa) between the overall surface 

75 area Sa on the side of annular protrusion 32 facing the laminated silicon steel sheets and the overall surface area Sb 
on the side of the laminated silicon steel sheets facing the annular protrusion 32 is less than 80% (about 70 to 75%), 
resulting in a magnetically unsaturated state occurring where the annular protrusion 32 meets the laminated silicon 
steel sheets, and this sometimes impedes the flow of the magnetic flux to the annular protrusion 32 and makes it difficult 
to efficiently obtain a specific uniform maanetic f i^d within the 3ir,gap.bfitweeEi.t!ie.pol9 p!eces. 

20 [0031] Specifically" the flux density produced by the magnetic field from the field generation source is far higher 
where the annular protrusion 32 meets the laminated silicon steel sheets than in other portions, and the laminated sili- 
con steel sheets in contact with the annular protmsion 32 in particular need to have enough volume to avoid a magnet- 
ically unsaturated state. The inventors have confirmed, however, that the uniform magnetic field originally required for 
an MR! magnetic field generator cannot be obtained with the structure shown in Rgures 18(a) and (b). 

25 [0032] it is an object of the present invention to provide an MRI magnetic field generator that solves the above prob- 
lems, and it is a further object to provide an MRI magnetic field generator with which it is possible to lower the residual 
magnetism and eddy current within pole pieces generated by the effect of the pulse current flowing through Gradient 
magnetic field coils, without decreasing the field uniformity within the air gap. 

[0033] The inventors perfected the invention upon learning that the stated object can be effectively achieved by opti- 

30 mizing the disposition of the laminate of silicon steel sheets. 

[0034] Specif ically, the present invention is an MRI magnetic field generator that has a pair of pole pieces facing 
each other so as to form a air gap and that generates a magnetic field in this air gap, wherein the pole pieces each com- 
prise a main component consisting of laminated silicon steel sheets, and a magnetic annular protrusion disposed on 
the side of the main component facing the air gap. 

35 [0035] The inventors also propose as favorable structures a structure in which the main component consisting of 
laminated silicon steel sheets is fixed and supported by a non-magnetic support member with high electrical resistance; 
a structure in which the main component is fixed and supported by a non-magnetic annular support member divided 
into a plurality of sections in the circumferential direction; a structure in which the magnetic annular protrusion consists 
of laminated silicon steel sheets in order to reduce the eddy current generated in this annular protrusion; a structure in 

40 which the the annular protrusion is divided into a plurality of sections in the circumferential direction; a structure in which 
a tiered protrusion comprising laminated silicon steel sheets is formed on the inside of the magnetic annular protrusion 
and on the side of the pole piece main component facing the air gap; and so on. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

[0036] 

Fig. 1 is a diagram illustrating the structure of the MRI magnetic field generator pertaining to the present invention, 
with (a) being a vertical aoss section, (b) a top view, and (c) an oblique view of the main component; 
50 Fig. 2 is an oblique view of the main component. Illustrating the stmcture of the MRI magnetic field generator per- 
taining to the present invention; 

Fig. 3 is a diagram illustrating another structure of the MRI magnetic fieW generator pertaining to the present inven- 
tion, with (a) being a vertical cross section, (b) a top view, and (c) an oblique view of the main component; 
Fig. 4 is a diagram illustrating another structure of the MRI magnetic field generator pertaining to the present inven- 
55 tion. with (a) being a vertical cross section, (b) a top view, and (c) an oblique view of the main component; 

Fig. 5 is a diagram illustrating another structure of the MRI magnetic field generator pertaining to the present inven- 
tion, with (a) being a vertical cross section, (b) a top view, and (c) an oblique view of the main component; 
Rg. 6 is a diagram illustrating another structure of the MRI magnetic fiekl generator perfaining to the present inven- 
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tion, with (a) being a veiUcai cross section, (b) a top view, and (c) an oblique view of the main component; 
Rgs. 7(a}, (b), (c). (d), and (e) are oblique views of the structure of the magnetic annular protrusion of the MR I mag- 
netic field generator pertaining to the present Invention; 

Rg. 8 is a vertical cross section illustrating a detail view of the MRI magnetic field generator pertaining to the 
5 present invention; 

Rg. 9 is a vertical cross section illustrating a detail view of the I^RI magnetic field generator pertaining to the 
present invention; 

Rg. 10(a) Is a vertical cross section illustrating a detail view of the MRI magnetic field generator pertaining to the 
present invention, and (b) is a top view; 
10 Figs. 11 (a) and (b) are vertical cross sections illustrating detail views of the MRI magnetic field generator pertaining 
to the present invention; 

Rg. 12 is a graph of the relationship between magnetic field uniformity and cfistance from the center in the air gap; 
Rg. 13 is a diagram illustrating tiie structure of a conventional MRI magnetic field generator, with (a) being a front 
view and (b) a lateral cross section; 
IS Rg. 14 is a diagram Illustrating another structure of a conventional MRI magnetic field generator, with (a) being a 
front view and (b) a lateral cross section; 

Rg. 15 is a diagram illustrating another structure of a conventional MRI magnetic field generator, with (a) being a 
vertical cross section and (b) a front view; 

Rgs. T6(a) and (b) are oblique views of ihe iaminaied'biocks usedln a conveniionai MRI magnetic fleid generator; 
20 Rg. 1 7 is a diagram Illustrating another structure of a conventional MRI magnetic field generator, with (a) being a 
vertical cross section, (b) a front view, and (c) an oblique view of tiie laminated blocks; and 
Rg. 18 is a diagram illustrating another stiucture of a conventional MRI magnetic field generator, with (a) being a 
vertical cross section, (b) a front view, and (c) an oblique view of tiie laminated rods. 

25 BEST MODE FOR CARRYING OUT THE INVENTION 

[0037] The present invention will now be described on tiie basis of the examples illustrated In Rgures 1 to 12. 
[0038] The pole piece 40 pertaining to the present Invention and Illustrated in Figures 1(a), (b), and (c) has as its 
main constituent members a main component 41 consisting of a plurality of laminated blocks fixed and supported by a 
30 non-magnetic annular support member 43 with high electrical resistance and produced by laminating a plurality of sili- 
con steel sheets in tiie facing direction of the pole pieces and Integrating tiiese with an insulating adhesive agent or the 
like, and a magnetic annular protrusion 42 witii a rectangular cross section and placed on tiie side of tills main compo- 
nent 41 feeing the air gap. 

[0039] For the main component 41 , a plurality of laminated blocks consisting of silicon steel sheets are first inte- 
35 grated Into a rectangular sheet shape, after which the outer periphery is worked into a specific shape by water jet work- 
ing, laser working, machining, discharge working, or tiie like so that tiie overall shape approximates that of a disk. The 
main component 41 is fixed and supported by disposing a non-magnetic annular support member 43 witii high electrical 
resistance and composed of a resin, bakelite. FRP, or another such non-metal around Its peripheral edge. It Is also pos- 
sible to ensure good mechanical strength by using an epoxy resin or the like to mold the plurality of laminated blocks 
40 and the non-magnetic annular support member 43. 

[0040] Another option, for the purpose of Increasing the uniformity of tiiefield distribution in the air gap, is to provide 
a tiered protrusion 44 consisting of laminated silicon steel sheets that have been worked into the above-mentioned 
approximate disk shape and formed on the inside of tiie magnetic annular protrusion 42 and on the side of the lami- 
nated silicon steel sheets facing the air gap. This tiered protrusion 44 is also constituted by a plurality of laminated 
45 blocks produced by laminating a plurality of silicon steel sheets in the facing direction of the pole pieces and integrating 
these witii an insulating adhesive agent or tiie like. 

[0041] In the figure, the tiered protrusion 44 is structured such ttiat tiie above-mentioned laminated blocks are laid 
over the entire surface on tiie inside of the magnetic annular protrusion 42, and tiie tiiickness of the center portion in 
the pole piece facing direction in particular is increased to achieve an overall tiered shape, but it is also effective for tiie 
so laminated blocks to be laid only in the center portion, and not provided near the inside of tiie magnetic annular protru- 
sion 42. 

[0042] In the present invention, the "main component consisting of laminated silicon steel sheets" refers to the por- 
tion facing the tilt field coil, including the tiered protrusion 44, The provision of a tiered protrusion will also be described 
for the structure of tiie pole pieces described below, but this tiered protrusion is not essential in tiie present invention. 
55 Specifically, other structures may also be employed to achieve an increase in uniformity of tiie field distribution witiiin 
the air gap rather ttian providing a tiered protrusion, such as disposing yokes, permanent magnets, or the like at spedf ic 
positions on tiie side (flat side) of the above-mentioned approximately disk-shaped laminated silicon steel sheets facing 
the air gap. 
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[0043] Rgure 1(c) is an oblique view illustrating the relationship of the lamination direction of the laminated blocks 
of silicon steel sheets that constitute the main component 41. As previously described, if the silicon steel sheets used 
in these laminated blocks are directional silicon steel sheets (JIS C 2553, etc.), then from the standpoint of field distri- 
bution uniformity, it is preferable for them to be laminated and integrated such that the readily magnetizable axis direc- 

5 tion (calendering direction) is rotated by 90 degrees every specific number of small blocks as shown In Rgure 16(a). In 
the case of non-directional silicon steel sheets (JIS C 2552, etc.). then lamination and integration are performed merely 
in the thickness direction, without taking directionality into account as shown in Rgure 16 (b). 
[0044] As shown in Rgure 2, a further reduction in the effect of residual magnetism or eddy cun'ent due to the Gra- 
dient magnetic field coils can be achieved by disposing connecting end (side) faces 41a and 41b of the laminated blocks 

10 of adjacent silicon steel sheets so that these faces do not line up in the lamination direction of the various laminates. 
[0045] Specifically, if there is leakage of the magnetic field generated by the Gradient magnetic field coils from the 
gaps that are inevitably formed at the connecting end faces of the various laminated blocks, and if this leaked magnetic 
field acts on the permanent magnet structure that serves as the field generation source, then an eddy current, albeit a 
very slight one, will be generated on the permanent magnet structure surface, and the fiekj distribution uniformity within 

15 the air gap will become unstable due to heat generation and the like caused by this eddy current. 

[0046] However, as shown in Figure 2. if the various connecting end faces of the laminated blocks of silicon steel 
sheets are disposed so that they do not line up. then a magnetic path will be formed within the air gap without a sub- 
stantial increase in magnetic permeability (decrease in magnetoreslstance) In the direction perpendicular to the lami- 
nation direction of the laminated biocks (i.e., Ihe horizontal direclion in^lhe figure), and nsTthoul'Ihe magneliclield 

20 generated by the Gradient magnetic field coils infiltrating the permanent magnet structure. 

[0047] Similarly, with the pole pieces described below, it is favorable to employ the same structure for the disposi- 
tion of the various connecting end faces of the laminated blocks of silicon steel sheets. 

[0048] In the figure, 46 is a slit that divides the soft iron magnetic ring having a rectangular cross section and con- 
stituting the magnetic annular protrusion 42 into a plurality of sections in the drcumferential direction, and that is formed 

25 in the radial direction for the purpose of reducing the eddy cun-ent generated within the magnetic annular protrusion 42. 
[0049] The relationship between the main component 41 and the agnetic annular protrusion 42 in the above struc- 
ture will be described in detail through reference to Figure 8. The laminated silicon steel sheets that constitute the main 
component 41 are formed in an approximate disk shape, and the outside diameter Dq thereof is roughly the same as 
the outside diameter of the magnetic annular protrusion 42. Therefore, the side of the magnetic annular protrusion 

30 42 facing the main component 41 is in contact with the laminated silicon steel sheets. 

[0050] It is therefore possible for the originally required field intensity to be efficiently generated in the specified air 
gap of the MR! magnetic field generator without the magnetic flux produced by the magnetic fieW from the permanent 
magnet structure 1 serving as the field generation source leading to a magnetically unsaturated state where the lami- 
nated silicon steel sheets and the magnetic annular protrusion 42 touch. 

35 [0051] Also, in the main component 41 , the bulk magnetic material is not disposed either directly below or to the 
inside of the inside diameter D2 of the magnetic annular protrusion 42. Specifically, since no bulk magnetic material is 
disposed in the vicinity of directly below the Gradient magnetic field coils, it Is possible to obtain the desired reduction 
in eddy current and residual magnetism. 

[0052] The outside diameter Dq of the laminated silicon steel sheets constituting the main component 41 is not lim- 
40 ited to being the same as the outside diameter Di of the magnetic annular protrusion 42 as shown in the figure. For 
instance, it is also possible for this diameter Dq to be larger than the outside diameter Di of the magnetic annular pro- 
trusion 42, but making it unnecessarily large Is undesirable because this will increase leakage of the magnetic flux from 
the outer periphery of the laminated silicon steel sheets. 

[0053] It is also possible for tine outside diameter Dq of the laminated silicon steel sheets to be smaller than the out- 
45 side diameter of tiie magnetic annular protrusion 42. but making it unnecessarily small will lead to a magnetically 
unsaturated state where the laminated silicon steel sheets and the magnetic annular protrusion 42 touch, so it is pref- 
erable for the ratio (Sb/Sa) between tiie overall surface area Sa on at least tiie side of the magnetic annular protrusion 
42 facing the laminated silicon steel sheets and the overall surface area Sb on the side of the laminated silicon steel 
sheets facing tiie magnetic annular protrusion 42 to be at least 80%, witii 85% or more being preferable, and 90% or 
50 more being even better. The figure iilusti^ates a case of 100% (Sa = Sb ). 

[0054] The figure illustrates a structure in which the non-magnetic annular support member 43 is disposed on the 
outside of tiie magnetic annular protrusion 42, but if. as mentioned above, the outside diameter Dq of tiie laminated sil- 
icon steel sheets constituting tiie main conrponent 41 is made smiler tiian the outside diameter Di of the magnetic 
annular protrusion 42, tiien all or part of the non-magnetic annular support member 43 will naturally end up being dis- 
ss posed directiy beneath tiie magnetic annular protrusion 42. 

[0055] However, it will be possible to obtain tiie desired effect from the standpoint of reduced eddy current and 
residual magnetism if the material of the non-magnetic annular support member 43 is selected from among a resin, 
bakelite, FRP, or another such non-metal and has high electrical resistance. 
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[0056] In terms of the magnetic annular protrusion 52 and so forth, the pole piece 50 pertaining to the present 
invention and shown in Rgures 3(a), (b), and (c) has the same structure as that shewn in Figures 1(a). (b), and (c), 
except for the main component 51 . Specrficaily, the pole piece 50 pertaining to the present invention and shown in Rg- 
ures 3(a). (b), and (c) is formed such that a plurality of approximately disk-shaped laminated silicon steel sheets, which 
s are fixed and supported by a non-niagnetic annular support member 53 and constitute the main component 51 , are 
laminated in the facing direction of the pole pieces and integrated with an insulating adhesive agent or the like. Figure 
3(c) is an oblique view illustrating the relationship of the lamination direction of the silicon steel sheets that constitute 
the main component 51 , including a tiered protrusion 54. 

[0057] With this structure, except for the tiered protrusion 54, there is no need to combine a plurality of laminated 
10 blocks as shown in Figure 1, so not only is production easier, but mechanical strength is also better. Also. In order to 
further enhance the reduction in eddy current and residual magnetism, it is preferable for the laminated silicon steel 
sheets composed of this disk-shaped sheet material to be divided in the circumferential direction, and for semi-drcutar, 
pie-shaped, or other such laminates to be combined. 

[0058] In terms of the magnetic annular protrusion 62 and so forth, the pole piece 60 pertaining to the present 
15 invention and shown in Rgures 4(a). (b), and (c) has the same structure as that shown in Figures 1(a), (b), and (c), 
except for the main component 61 . Specifically, with the pole piece 60 pertaining to the present invention and shown in 
Figures 4(a). (b). and (c), an approximately disk-shaped laminate of silicon steel sheets, which is fixed and supported 
by a non-magnetic annular support member 63 and constitutes the main connponent 61 . is formed by the disposition of 
a^piurality of igmin^tod blocks^pr^duced^by larninatlRg-a-plLsrality^^G^^^ 
20 the facing direction of the pole pieces and integrating these vtntii an insulating adhesive agent or the like. 

[0059] It is preferable, both from the standpoint of magnetic field uniformity and from the standpoint of mechanical 
strength, for the main component 61 to be such that the lamination direction is rotated by 90 degrees for every one of 
the small blocks that are laminated in the void-facing direction, as previously described for Rgure 17(c), and such that 
the lamination direction Is rotated by 90 degrees for every one of the laminated blocks adjacent in the same plane. Rg- 
25 ure 4(c) is an oblique view illustrating the relationship of the lamination direction of tiie silicon steel sheets constituting 
the main component 61 . including the tiered protrusion 64. 

[0060] In terms of the magnetic annular protrusion 72 and so forth, tiie pole piece 70 pertaining to tiie present 
invention and shown in Figures 5(a), (b), and (c) has the same structure as that shown in Figures 1(a), (b), and (c), 
except for the main component 71 . Specifically, with the pole piece 70 pertaining to the present invention and shown in 

30 Figures 5(a), (b), and (c). an approximately disk-shaped laminate of silicon steel sheets, which is fixed and supported 
by a non-magnetic annular support memt)er 73 and constitutes the main component 71 , is formed by the disposition of 
a plurality of laminated blocks produced by laminating a plurality of silicon steel bands in tiie direction perpendicular to 
the facing direction of the pole pieces and integrating these with an insulating adhesive agent or the like. Figure 5(c) is 
an oblique view illustrating tiie relationship of the lamination direction of the silicon steel sheets constituting tiie main 

35 component 71 , including the tiered protrusion 74. 

[0061] in one mettiod that can be employed to facilitate assembly and increase mechanical strengtii, a non-mag- 
netic annular support member 73 in which a support 73a for the silicon steel sheets is provided to the edge on the Inner 
periphery is readied, and strips of silicon steel sheets of varying length and having chamfers 71a formed corresponding 
to the shape of tiiis support 73a are successively laid out and suspended, or are laid out and suspended after first being 

40 laminated for every few sheets and Integrated into laminated rods. 

[0062] It is also possible to laminate and integrate a plurality of strips of silicon steel sheets In one direction to pro- 
duce a laminate of rectangular sheets, work tiiis laminate into an approximate disk shape by water jet working or tiie 
like, and form a chamfer 71 a corresponding to the shape of tiie support 73a of the non-magnetic annular support mem- 
ber 73 around tiie edge of this laminate. 

45 [0063] The silicon steel sheets used here may be either directional silicon steel sheets or non-directional silicon 
steel sheets, but the use of non-directional silicon steel sheets is preferable from the standpoint of ease of manufacture. 
For example, there is no need to take directionality into account in the cutting of the various sti'lps of silicon steel sheets 
that constitute the laminate into tiie required shapes. 

[0064] In terms of the magnetic annular protrusion 82 and so fbrtii, ttie pole piece 80 pertaining to tiie present 
so invention and shown in Rgures 6(a), (b). and (c) has tiie same sti'ucture as that shown in Figures 1(a), (b), and (c), 
except for tiie tiered protrusion 84. Specifically, witti tiie pole piece 80 pertaining to the present invention and shown in 
Figures 6(a), (b), and (c). the tiered protrusion 84 formed on tiie side of the main component 81 facing the air gap has 
a structure in which there are disposed a plurality of laminated blocks produced by laminating a plurality of silicon steel 
sheets in tiie direction perpendicular to the facing direction of the pole pieces and then integrating these with an insu- 
55 latlng adhesive agent or tiie like. Figure 6(c) is an oblique view illustrating the relationship of tiie lamination direction of 
the silicon steel sheets constituting the main conponent 81 , including the tiered protrusion 84. 
[0065] it is preferable, both from the standpoint of magnetic field uniformity and from the standpoint of mechanical 
strengtii. for the approximately disk-shaped laminated silicon steel sheets that constitute the main component 81 to be 
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disposed such that the lamination direction is rotated by 90 degrees for every one of the small blocks that are laminated 
in the void-lacing direction, as previously described for Figure 1 7(c). and such that the lamination direction is rotated by 
90 degrees for every one of the laminated blocks adjacent in the same plane. 83 in the figure is a non-magnetic annular 
support member. 

5 [0066] The silicon steel sheets constituting the tiered protrusion 84 may be either directional silicon steel sheets or 
non-directional silicon steel sheets, but the use of non<iirectional silicon steel sheets is preferable from the standpoint 
of ease of manufacture. For example, there Is no need to take directionality into account in the cutting of the various 
pieces of silicon steel sheets that constitute the laminated blocks into the required shapes. 
[0067] The pole pieces 50, 60, 70, and 80 pertaining to the present invention and described above are alt the same 

10 as the pole pieces 40 pertaining to the present invention and shown in Figures 1 (a), (b), and (c) in terms of the relation- 
ship between the main components 51, 61, 71. and 81 to the magnetic annular projection 52, 62. 72, and 82, so it is 
possible for the originally required field Intensity to be efficiently generated in the specified air gap of the MRI magnetic 
fieki generator, and furthermore it is possible to achieve a reduction in eddy cun-ent and residual magnetism, without 
leading to a magnetically unsaturated state where the main components 51. 61. 71. and 81 and the magnetic annular 

IS projection 52, 62, 72. and 82 touch. 

[0068] It has already been mentioned that it will be possible to obtain the desired effect from the standpoint of 
reduced eckly current and residual magnetism even if all or part of the non-magnetic annular support member is dis- 
posed directly beneath the magnetic annular protrusion with the above structure since the annular support menrtber is 
n^ade-frcrn a-material-with high-eteGtrlGa! rssistancsrcsmps 

20 [0069] However, as shown in Figure 10(a), from the standpoints of mechanical strength, workability, and so forth, 
the effect of reducing eddy current and residual magnetism is greatly diminished if all or part of a magnetic annular sup- 
port member 93 is disposed directly beneath the magnetic annular protrusion 92 when soft iron or another such mag- 
netic material is used for the annular support member that fixes and supports the main component 91 . 
[0070] The inventors have confirmed experimentally that this diminishment of the effect of reducing eddy current 

25 and residual magnetism can be suppressed by dividing the magnetic annular support member 93 into a plurality of sec- 
tions, as shown in Rgure 10 (b) (the figure shows a case of eight), in the circumferential direction with slits 96. 
[0071] When the magnetic annular support member 93 is used, unlike when a non-magnetic annular support mem- 
ber was used, the magnetic annular support member 93 serves as a member that forms a magnetic path over which 
the magnetic flux produced by the magnetic f ieki is transmitted from the permanent magnet structure 1 (the fiekl gen- 

30 eratlon source) to the annular protrusion, and it is therefore possible for the originally required field intensity to be effi- 
ciently generated in the specified air gap of the MRI magnetic field generator without the magnetic flux leading to a 
magnetically unsaturated state where the laminated silicon steel sheets and the magnetic annular protrusion touch. 
[0072] Therefore, if we take into account the overall mechanical strength of the pole pieces, some of the factors for 
which are the shape and size and the lamination structure of the silicon steel sheets constituting the main conrponent. 

35 as well as the effect of reducing eddy cun-ent and residual magnetism, and the magnetically unsaturated state where 
the main component and the magnetic annular protrusion touch, it is preferable for the annular support member to be 
made of a material selected from either a non-magnetic material with high electrical resistance and composed of a 
resin, bakelite. FRP, or another such non-metal, or a magnetic material such as soft iron, and it is particularly favorable 
to employ a structure in which this annular support member Is divided into a plurality of sections in the circumferential 

40 direction as discussed above. 

[0073] It is also possible to use a non-magnetic material composed of aluminum, copper, stainless steel, or another 
metal instead of the soft iron support member, but because these materials also have low electrical resistance, it is pref- 
erable to employ a structure in which there are a plurality of sections divided in the circumferential direction, just as with 
a soft iron support member. 

45 [0074] For all of the above structures, the description was of one In which an annular support member was used, 
but the decision as to whether an annular support member is needed should be made according to the overall shape 
and size of the pole pieces, the shapes and sizes of the various laminated blocks of silicon steel sheets, their mutual 
adhesive strength, the mechanical strength of the pole pieces, which Is naturally determined according to the integra- 
tion method, that is, a method involving molding the entire pole piece from a resin, a method involving weaving in metal 

so fibers, a method involving first placing and integrating on the permanent magnet structure or the like that will serve as 
the field generation source and then removing the jig. and so on, depending on whether the desired shape can be main- 
tained by the attractive force from the field generation source when the field generation source is a permanent magnet 
• structure, for example. It is further possible to use the above-mentioned non-magnetic annular support member 
together with a magnetic annular support member, in which case the shape of each is not limited to the structures 

55 shown iri the. figures. 

[0075] The various support members, particularly when placed on the field generation source, are effective at 
ensuring the above-mentioned mechanical strength required of the pole pieces, but they are not necessarily required 
as long as the assembly of the magnetic field generator placed on the field generation source can be completed and 
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the desired pole piece shape can be maintained, and when the relationship with other devices and the like disposed 
around the pole pieces is taken into account, these support members may be removed upon completion of the assem- 
bly. Also, in addition to whether or not there is an annular support member, the outer periphery of the main component 
does not necessarily have to be worked into an approximate disk shape, depending on the method for integrating the 

5 laminated blocks of silicon steel sheets. 

[0076] In all of the above structures, a bulk magnetic material with a rectangular cross section was used as the 
annular protrusion placed on the side of the main component facing the air gap, but reducing the eddy current and resid- 
ual magnetism in the annular protrusion is also effective in order to satisfy all of the characteristics required of an MRI 
magnetic field generator, and it is favorable for the entire annular protrusion, or just the surface layer thereof, to be con- 

10 stituted by a laminate of silicon steel sheets, as shown in Rgure 7. Figure 7 Is an oblique view of part of an annular pro- 
trusion divided In sections in the circumferential direction. 

[0077] Specifically, Figure 7(a) is the magnetic annular protrusion 42 in which only a bulk magnetic material with a 
rectangular aoss section was used, whereas in Figure 7(b) a bulk magnetic material 42a with a rectangular cross sec- 
tion is used as a core, with a laminate of silicon steel sheets 42b disposed around the periphery thereof, that Is. lami- 
75 nated on the side facing the air gap and on the inner peripheral surface, in the direction facing the pole piece, so that 
only the surface layer of the annular protrusion is a laminate of silicon steel sheets. 

[0078] In Rgure 7(c), the entire annular protrusion is constituted by a laminate of silicon steel sheets 42c laminated 
in the direction facing the pole piece. In Rgure 7(d), a bulk magnetic material 42a with a rectangular cross section is 
Used as a cofe; wi^h"a"iami^ate"0^silicon"Stee!'5he€t542d disposed cuOuridi^ 
20 air gap and on the inner peripheral surface), laminated in the direction perpendicular to the direction facing the pole 
piece. In Rgure 7(e), the entire annular protrusion is constituted by a laminate of silicon steel sheets 42e, laminated 
concentrically and in the direction perpendicular to the direction facing the pole piece. 

[0079] In Figure 9, a magnetic annular protrusion 42 with the structure in Figure 1 is changed to the structure in Rg- 
ure 7(c) discussed above, which makes possible a reduction in eddy cun'ent and rissidual magnetism in this magnetic 

2S annular protrusion 42. and allows the characteristics of the overall pole piece to be greatiy enhanced. 

[0080] With tills structure, since tiie magnetic annular protrusion 42 Is also formed from a laminate of silicon steel 
sheets, tiie mechanical strength of the pole pieces overall is somewhat inferior to tiiat of the structure in Rgures 1(a). 
(b), and (c). Therefae, it is possible to enhance tiie mechanical strengtii of tiie pole pieces overall by disposing the non- 
magnetic annular support members 43a and 43b around the peripheral edges of the laminated silicon steel sheets con- 

30 stituting the main component 41 and around the peripheral edge of the magnetic annular protrusion 42, then disposing 
the non-magnetic annular support member 43c so as to integrally enclose these, and then performing resin molding. 
[0081 1 Also, because tiie pole pieces constituting the magnetic field generator of the present invention are substan- 
tially constituted by a plurality of laminated blocks of silicon steel sheets, in order to Increase the mechanical strength 
of the pole pieces overall, it is also effective to adhesively fix a magnetic lamina 47 to the bottoms of tiie poie pieces, 

35 that is, to the side of the main component 41 composed of a laminate of silicon steel sheets that is opposite the side 
facing the air gap, as shown In Figure 11(a), although tills will somewhat diminish the original effect of reducing eddy 
cunent and residual magnetism. 

[0082] This magnetic lamina 47 makes it possible to increase tiie bonded surface area of the Individual laminated 
blocks of silicon steel sheets and prevent their lateral shift respective to one anotiier. However, the desired effect of 

40 reducing eddy current and residual magnetism will not be obtained if this magnetic lamina 47 Is ttilcker tiian necessary. 
[0083] It Is therefore preferable for the magnetic lamina 47 to be extremely thin, and should be no more than 10% 
of tiie tiilckness of the main component comprising a laminate of silicon steel sheets (when a tiered protrusion is pro- 
vided, the thickness including this tiered protrusion). The mechanical strength of the pole pieces can be ensured by set- 
ting the tiilckness of the magnetic lamina at no more than 3% of the tiiickness of the main component, but a tiiickness 

4S of about 5% is also effective from the standpoint of handling when we consider such factors as integration with tiie mag- 
netic annular protrusion and otiier members witii screws. 

[0084] Again when tiie above magnetic lamina Is used, It is preferable from the standpoint of reducing eddy current 
and residual magnetism to divide the magnetic lamina Into a plurality of sections in the circumferential direction and 
combine these semi-circular, pie-shaped, or other sections. 

60 [0085] In order to integrate the magnetic annular protrusion and the main component with screws, as shown in Rg- 
ure 1 1 (b), a flat ring-shaped magnetic plate 48 (no more than 20%, and preferably no more than 15%, of the tiiickness 
of tiie main component 41) divided Into a plurality of sections in the circumferential direction may be disposed at a posi- 
tion corresponding to the peripheral edge of the magnetic lamina 47 directly beneatii the magnetic annular protrusion 
42, which is relatively susceptible to tiie effect of the magnetic field generated by the Gradient magnetic field coils. 

55 [0086] Furthermore, it is also possible to employ a structure in which a non-magnetic lamina with high electrical 
resistance, such as a resin, bakelite. or FRP. in place of tiie above-mentioned magnetic lamina 47. This disposition of 
a non-magnetic lamina will not result in the generation of an eddy cunrent or residual magnetism, and while the thick- 
ness thereof can be selected as desired, excessive thickness will prevent tiie efficient formation of the magnetic field 
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generated from the field generation source within the air gap. 

[0087] Therefore, when a non-magnetic lamina is disposed in a structure in which a pemrianent magnet structure 
is used as the field generation source, it is favorable for the pennanent magnets to have higher magnetic characteristics 
than usual, or for tiie volume of the permanent magnet structure to be increased somewhat 
5 [0088] Also, with a structure in which an electromagnetic coil is used as the field generation source, it is preferable 
for the current applied to the electromagnetic coil to be increased somewhat 

[0089] The MRI magnetic field generator of tiie present invention is not limited to a structure In which permanent 
magnets such as R-Fe-6-based magnets are used as tiie field generation source, and also encompasses structures 
such as one in which an electromagnetic coil (including normal conduction coils, superconduction coils, and so on) is 

10 wound around an iron core, but in order for tiie advantages of constituting tiie main component of the pole pieces from 
a laminate of silicon steel sheets to be utilized most effectively, it is preferable to use a sti-ucture in which pemnanent 
magnets witii a substantially high electrical resistance and tow magnetic permeability are employed. 
[0090] Specif ically, a prefened structure is one In which tiie main component of tiie pole pieces is placed on the per- 
manent magnet structure serving as tiie field generation source. Also, with a structure in which a non-magnetic lamina 

IS witii high electrical resistance is disposed on the surface of the pole piece main component on tiie side opposite the 
side facing the air gap, tiie advantages of tiie pole piece structure of tiie present invention can be effectively utilized 
even when an electromagnetic coil is wound around an iron core. 

[0091] In addition, with tiie magnetic field generator of the present invention, it is possible to employ known tech- 
noic^yas needed, 'withGt^t-beingtestrictadio^ 



25 [0092] To confirm the effect of the MRI magnetic field generator of ttie present invention, its effect of reducing eddy 
current and residual magnetism was evaluated by the following metiiod. A tilt field coil was installed on various typ^ of 
pole piece, a pulse current (500 AT) consisting of a spedf ic pulse (1 msec, 3 msec, or 5 msec) was applied to the field 
coil, and tiie magnitude of the residual magnetism was measured with a milligauss meter. The measurement results are 
given in Tables 1 and 2. 

30 [0093] The pole piece main component had an outside diameter of 1 000 mm and a thickness of 60 mm (maximum 
thickness including ttie tiered protrusion). The annular protrusion had an outside diameter of 1000 mm, and inside 
diameter of 920 mm, and a tiiickness of 50 mm, and was installed around the peripheral edge of tiie pole piece main 
component. An FRP (glass fiber-reinforced plastic) support member had an outside diameter of 1040 mm, an inside 
diameter of 1000 mm, and a tiiickness of 50 mm. and an iron support member had an outside diameter of 1000 mm, 

35 an inside diameter of 960 mm, and a thickness of 50 mm. 

[0094] Because it is usually extremely difficult to measure the eddy current itself flowing through a metal, the mag- 
nitude of the eddy current was evaluated from tiie amount of change in residual magnetism when tiie pulse widtii was 
varied. The values in the table indicate the difference between tiie residual magnetism at 1 msec and the residual mag- 
netism at 5 msec. Specifically, a short pulse widtii corresponds to a high frequency, whereas a long pulse widtii corre- 

40 spends to a low frequency. The f^ct tiiat the amount of residual magnetism changed witii the pulse widtii means that 
there is a dependence on frequency Therefore, if tiiere is a large amount of change, there is also a large eddy current, 
the result of which is that a sharp image cannot be obtained. 

[0095] The pole pieces A to E of the present invention can be seen to have less residual magnetism at all pulse 
widtiis. and to have less change in the residual magnetism, than pole pieces witii the conventional structure shown in 

45 Rgure 15. tiiat is. a structure in which a magnetic base member composed of bulk iron with a thickness of 30 mm is 
disposed in the pole piece main component. In particular, pole piece B, in which FRP was used as tiie support member 
and the annular protrusion comprised laminated silicon steel sheets, had a lower value for residual magnetism tiian the 
other structures and had an extremely small amount of change in residual magnetism, so It can be seen that the effect 
of reducing eddy current and residual magnetism is extremely good here. 

so [0096] When iron was used as a support member, and when tills support member was In a so-called bulk form and 
not divided (reference example), even when a laminate of silicon steel sheets was used for the pole piece main compo- 
nent, tiie effect thereof could not be effectively utilized, and it can be seen tiiat tiie effect of the iron support member 
positioned directly beneath tiie annular protrusion resulted in residual magnetism and eddy current tiiat were eitiier tiie 
same as or worse than tiiose in a conventional structure. 

55 [0097] However, the effect of using a laminate of silicon steel sheets for tiie pole piece main component can be 
effectively realized by dividing the support member, as shown by pole piece C. or by using laminated silicon steel sheets 
as the annular protrusion, as shown by pole piece D. 

[0098] Pole piece E had a structure in which laminated silicon steel sheets were used as tiie annular protrusion In 
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addition to the structure shown in Figure 3. and while the effect of redudng residual magnetism and eddy current was 
somewhat lower than with the other pole pieces A to D. it was still clearly superior to that of the pole piece with a con- 
ventional structure. An effect equal to or better than the effect shown for pole piece E is obtained with all of the struc- 
tures of the present invention shown in Figures 4 to 6. 
5 [0099] When the same measurements were made for a stmcture in which a magnetic lamina with a thickness of 
1 .5 mm was further used with pole piece B (see Figure 1 1), the magnetic lamina had almost no effect on eddy current 
and residual magnetism, and the measurement results were about the same as those for pole piece B. 
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Embodiment 2 

[01 00] Figure 1 2 is a graph of the results of measuring the effect that the surface area ratio of tiie portion where tiie 
55 annular protrusion is in contact with the pole piece main component disposed directiy tiierebelow has on tiie magnetic 
field uniformity in the air gap of an MRI magnetic field generator (in which a permanent magnet structure comprising R- 
Fe-B-based magnets is used as the field generation source) (the structure in Rgure 1 was employed for the pole 
pieces). Specifically, tiie horizontal axis is tiie distance in tiie radial direction from the center of the air gap of tiie MRI 
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magnetic field generator, and the vertical axis is the magnetic field uniformity in this air gap. 
[0101] The curves in the graph, from the top. indicate when the above-mentioned surface area ratio was 100%. 
80%. 70%. and 50%* Specifically, it can be seen that there Is a pronounced drop in magnetic field uniformity as the sur- 
face area of the portion where the pde piece main component touches the annular protrusion becomes smaller. 
5 [0102] It is possible for the above-mentioned surface area ratio to be 80% or higher in the present invention, and it 
was found that tiie effect discussed above for reducing residual magnetism and eddy current can still be obtained with- 
out leading to a drop in magnetic field uniformity. 

INDUSTRIAL APPLICABILITY 



[01 03] As is dear from tiie examples, because tiie MR! magnetic field generator of the present invention makes use 
of pole pieces in which a main component comprising a laminate of silicon steel sheets is effectively combined with an 
annular protrusion disposed on the side of the main component facing tiie air gap. a static magnetic field having tiie 
desired uniformity can be formed in the air gap. and eddy current and residual magnetism witiiin tiie pole pieces, which 
IS are generated due to tiie effect of the pulse current flowing through tiie Gradient magnetic field coils, can be reduced 
witiiout leading to a magnetically unsaturated state in tiie vidnity of the annular protrusion. 



20 1. An MRI magnetic field generator tiiat has a pair of pole pieces ^dng each other so as to form a air gap and tiiat 
generates a magnetic field in said air gap. wherein said pole pieces each comprise a main component consisting 
of laminated silicon steel sheets, and a magnetic annular protrusion disposed on the side of said main component 
facing the air gap. 

25 2. The MRI magnetic field generator according to Claim 1 . wherein said main component consisting of laminated sil- 
icon steel sheets is fixed and sipported by a non-magnetic support member witii high electrical resistance. 

3. The MRI magnetic field generator according to Claim 2. wherein said non-magnetic support member witii high 
electrical resistance is composed of a resin, bakelite. FRP. or another such non-metal. 



4. The MRI magnetic field generator according to Claim 1 . wherein said main component consisting of laminated sil- 
icon steel sheets is fixed and supported by a non-magnetic annular support member divided into a plurality of sec- 
tions in the circumferential direction. 

35 5. The MRI magnetic field generator according to Claim 1 , wherein said main component consisting of laminated sil- 
icon steel sheets is fixed and supported by a magnetic lamina whose thickness is no more than 10% of the thick- 
ness of the main component and which is disposed on tiie opposite side of tiie main component from tiie side 
fedng the air gap. 

40 6. The MRI magnetic field generator according to Claim 5, wherein said magnetic lamina is divided into a plurality of 
sections in ttie circumferential direction. 

7. The MRI magnetic field generator according to Claim 1 , wherein said main component consisting of laminated sil- 
icon steel sheets is fixed and supported by a non-magnetic lamina which has high electrical resistance and which 

45 is disposed on the opposite side of tiie main component from the side facing tiie air gap. 

8. The MRI magnetic field generator according to Claim 1 , wherein said magnetic annular protrusion consists of lam- 
inated silicon steel sheets. 

50 9. The MRi magnetic field generator according to Claim 8. wherein said main component and magnetic annular pro- 
trusion consist of silicon steel sheets laminated in the direction facing the air gap. 

. 1 0. The MRI magnetic field generator according to Claim 1 , wherein the ratio (Sb/Sa) between the overall surface area 
Sa on the side of said magnetic annular protrusion facing tiie main component consisting of laminated silicon steel 
55 sheets and the overall surface area Sb on tiie side of the main component consisting of laminated silicon steel 
sheets facing the magnetic annular protrusion is at least 80% 

11 . The MRI magnetic field generator according to Claim 1 , wherein said main component consisting of laminated sil- 
icon steel sheets is placed on a permanent magnet structure that is a field generation source. 
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